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and has the same Orcmeler as the end o: the horn antenna 
3,305,870 10 nhich it is ~ o ~ ~ i % d .  The horn antenna then flares DUAL SIODE ki.Oit% ANTESNA ou:\~ardly at a tixi3 angle for a prejsiermined length. James E. \%'ebb, Adn~ioi4ra:or of fhe National Aerunau- 
since the tire mc6s hale d , ~ c r e n i  i.hasc \elocities, they tics and Space .tdminirirafion. %\;ill respect to an  in- 
vention uf Pf~iiip I). Porter. Tujunga, Catif. 5 t rawl  d o a n  the irzaI-jon section and horn antenna in an 
Filed Aug. 12, 2963, Ser. 30. 30-1,683 out of phase rel-'J'cd3ip. Howe\er, the length and diam- 
6 Claims. (CI. 343-786) eter of the trankiCm wc:ion, as \+ell as the length and 
flare ancle of the ?~2m antenna. art? so  selected that the 
This invention rchtes .in ~ e n e r a l  to anienna Systems main h a m  of  bock: m ~ 3 e s  will radiate inlo free space in 
and more particulzrly to appx i tus  for proditcin~ and 1,) phase. The resnIyB cambination of  rhe main beams of 
radiating a beam o i  cl$c:romr?~$eiic wave e n e r g  con- the two mode'reiiZ:s in a radiation pattern having .sub- 
taining a plnrality & modes. stanti:!lly equ?I tezxuc.id;h in the E and H planes and a 
The invention b<xn'&d k r e i n  \*.,..ns made in the par- very low side lobe 
forn~anie  of work 'ilnder a S.4S.k con:ract and is sub- The advantags  oi Ihis invention, both as to  its con- 
ject to the provisions of Section 305 of the N:lti!)n,:il Arro- lrj strl~ction and i n d z  s f  oyeration, wit1 be readily appre- 
naulics and Space Act of 195% PuSl;c Law1 35-568 (72 ciated as the s a n s  ';iz:ome &t.::er understood by reference 
Stat. 435; 42 USC 2357). to the folion.in,- 2err;llrd description \vhen considered in 
Horn antennas has-e been employed for many years to conr:ec~ion with L5z 2i-comp:inying drawings in which like 
radiate electrom~yr.e:ic wa\e enerzy from :I \s:~vcguide refctenced nxmer4k Jeaign;tte like par& throughout the 
idto free space. -Tr~e%; t f ) ~ e s  of :intenn:?s are rei~dily 2 0 .  figures and n , k i k :  
adapt:tbie for use ui:h 'wavegzides since they not only FIG. I is z siSc %iz\r., pal".ly in section. of a novel an- 
serve to rr,s:ch ths impetsnce of the waveguide t y  the 1enrt:c systcm in 5;1;zzr&nce with this invention; 
impedance of free :race, bur also to produce a directive , FIG. 2 is rhe riesrjc field pattern of the TE,, mode in  
u9;lvr pnttsm. ;t circular w.a\egcZz In a plane perpenliicuisr to the axis 
Heretofore, mo>r horn an:enn;l.i have been of rect:in_cu- 25 of  the ciicu!ar u;l~egitide; 
lar cross wction k.s=:!iw of ih: atltnd:i!~t sin-irle transi- FIG. 5 i, th- ticrr:;~ fitid pattern of the Thd,, nlocie in 
. .  - lion to :I siai:ii:rri rs;z..ngitl.tr w ~ ~ ~ e g a i d e .  Atdieo\sr. use a ci~.cirl;rr u:tii.g!r,;i_ In. a ?ir;ne pc;psndicul;tr to the axiq 
o f  a :cct:ingul3r rcrrirgaitis !aze:hsr ;t:i.h a reci:n:ular of Ihe cii-cn!sr .is;z;eguide; 
horn antenna a l l o ~ i  L:~Z p1:ine o f  pol:,rizalion of  the micro- . FIG. 4 is a ---..; iI..=--dimens~onal rs~iia:ion pattern, par- 
wave e r ? ~ ~ ~ ~  to rerr , : i~ 5 s s d  30 ii~illy cut awaq. i w  IfJi: TE:l nioJe en~rinating from the 
A rccsnt dc~.:olo;:zcnr in horri antennas which resc!ts in horn ;ti;:sfir,s o: Fl.3. I: and 
a radiiitio;; paitera hnrin: both erjual bc:~rrtwitifh and FIG. 5 i5 a ii---:iimsr,\io:131 radiation pa:tern, par- 
. . low side lobes is thc di:igon:tl hcrn antenn:~. Ail c r o s  tially cci~ ;;i%~y. rc: :.1e 'T.tjl, mode eman:jting from the 
src:ions thi-ough ;h-2 di::_ron:$l horn :rcienna ::re .qt!:rre. horn :;ntc?ns 0: F1G. 1 .  
For sn~rlil flsrc ari;;rs o f  the horn :i":cnna, ths incde of  2; Rcferri!:: no* r.2 :5s dratsing, 1 h - r ~  is hhown in FIG. 
propn?,l~ion \~i ih in  ;?e horn is siici~ th:~t the elcciric field I :I iiiicro.r.:-.e s r -zxnr :  s!.s:cm which is used lo tr;insmif 
vector i3 p:!.rallcl ro cjns of the cli:t_run;!lx of .the s1::enna. ;I radiation pstttrL; r-rr:?loying an cnlSo3imcnt of  the ll&el 
'The ri-;tiiiin_c raifi;d;i7n p:l:;srn po\,csWj a!nlos: cqu:ll :ippar;~tt!s in ;:<io_-A-.nce this inkention. 
be:,mv. jjih in the E 2nd H i;!:~nes. Side lobe level for the The :~n:ennn sy=:zrr: cont?i& a sourw 12 of dominant 
disgona] horn antenna, ho~es . c r ,  hzs a :htoreiicirl limit - lo TE,, r n d e  elct;:!rrr;.cr,etir eneryy connected to an 
of 3 1.5 decibels. input end of a c::--!ar v:avr_ruiJe 14 having ;in inner 
Ijorn aiitenn;:s ctf conical crms scciion. o;7erafina jn di;rmelcr Dl. re,- o::nzr end of rhe ur:is:uide 14 is con- 
xl?e donlin:~nt TEl: mode, h a w  a kamwidih  \ihich is nected to one e x 2  ni a cy1in:irical trimsition section of 
more neirly equal in :he E rind I f  ;7!:tncs ti?;in rec:rtngular w:i~egnids 16. K-e r-clion i 6  hss Lln axial ]eng{h LT 
or  square horns o;e;r:in: in thcir c!o:?~insnl nlodea. and 4-5 and :In inner d;cZr:-;.r ElZ. The section cont:iins an end 
theie ;tn!eilnns arc p~-.icu!_rl:~. dt~;ri.iils in ;rp;,lic:!Iions pl;~te 18 h::.in,o 2~ :xr:ure into u-hlch ollc enLf of w:lve- 
rr~here a t.a:iet:i of ,rw!arirr~:ions ::re nce~!cJ. Ho:r.c\-er, guide 14 fi s an.? i.:>::i;lcrcs an  ;,Sru;: tranbi;ion herueen 
cctilic;J horn :ic!ec?:i ?~,?.i-e r;ut > , . x r l  n o r e  iridcly iitilized tl,c \v;,vcpid= 14 223 sc ; ion 15.  The other end 
bec;iu;c. of  ibc hi:> side Ic>e k i c l 5  ch;:r;lcteiiriic Of ltieir section 16 i, cczfres,pd to a horn -2;enna 24 hrivirlS a 
=idiatlor, pciiicrns r;b-;h ha\<  t e n  incr~inpa:ihle for Ccr- SO ]snnlh til. ?& F72 the anicnn:i connected to the 
rain np?ic;ttions. 5eciion S,xs :he -._:zs jnnrr di:lme;rr D2 as  L ~ C  secljon. 
In prJer 10 Overiuxe i h s r  2arnJ:)nt ctli%I-t\an!a;es in The horn ani:;,r~ i, fi:ircd ou:u.:!rdij at angle 10- 
the prior art an;rranLs, ii;e rni2;:n;i of the prssrnt' is- l; :lids ia o u l p x  a 3  ~cii! it r s a ~ h s r  art inncr dl;in?eier D3. 
vention pri)\'idC, 2 r.iLfi~:ion P:!IIC~R of  ec:ii,il beam- 721e wzrce 12 i*?:h ma:; bc any conventional r:licro- 
vs.jdihr in  :he E anJ  HM. $z?; ai?J iiir;her ch;~r:ic:erizec! b j  65 wave generaror fTr-Zs ziznajs in t& daminant TE:, mode 
haying giea:Iy sli);,i~-itJ siJe ja:)c%. Ei~ztriim:+pneric into the cirm:ir ..azi:giji& 14. ~h~ eli-ctFjc field 
\va:,e emKry i n  r:ce <:>xi;jsn: ?ride is rr:rnsfeircd from I,,, of ~ h ,  2 . ~ : ~  i n  a circuircr wsvrguids is shovin 
a circiil;tr w;ii,e~:,!e to -a s!;in.jric:~l irsilrition -<ction i n  FIG. 2 w'>;crr r~?;: electronrdpne;ic in 
of w:r\cssii?e i:,hsrsla a p>rri:,ri of the rr?er_rq. is Con- the usvegujfs $4 ::rc-&zs :he end ?l:+le 18 and enters 
.;cr(-c-j Jn:s  enrr-x, - - sf a hlyhcr i r J e r  rii.?;le. i'iie;p:r. in  BO fbi: s?cziol 16- -F= 2:>rLzpi lrsnsiiion tn  ,jja&gcl&r between 
both rncls;cs ;!?en ;r.iya_z>:i.; f r o a  ihc ~r,irsirio:i >sc~lon the wavefu.de 14 c.d sz~icrr 16 ~ i u i " 5  a portion of the 
jnio a co~ ica i  ho.- aniennai zftd hi-il-c in:o free s;r:icc. TE,, m& lo be coi~veiied irito hisher ordcr 
More s;ecjfics{ty, accoril!nz :o an enlbcJiment of ihe TMI1 mcde em;.l-i_ The e!ectric field p:it!ern of the 
invcnt;otl, a sorl;ze of mii:o:~a\r eficrgy in the domjnant 65 T3111 mode in 2 r_ls-Aar. waveguids is shown in FIG. 3. TE,, mo& ic, fed :,a in,-ut circul:ir v:::ve~ulde. The Encrgy in ik TEE and TXfi.l m&s are in phase in 
wave=aiJe is ikr&;.r.'g conn~c:ed ?o  on2 cad of a circular 
lrnnsirion wclior cf w-ve;,.;ji& having a dininetsr larger the transition s-eim 16 aF its jrrnction ~vi rh  the wave- 
than &e input LK 3r3,5zil ide. ,4z ci3sr,?. i n  the dominant guidelL-?. me ~ ~ ~ ~ i \ - z  pha;is of T M I ~  
. . 
TE,I mot's &;- lrans:l:oii seclidn, adit fie abmpt modes wilt v q -  s e=rgs in t h e  m d e s  'erzins to wave1 
transkion a FQnjen majs merzv - - is convened 70 in she timiition --zjon toxards the horn dnienna be 
to tkc h;s~:e. orc.r = I l 1  mods. of the cause esch of rke zzxd-=s has dizerenr phasz velwifies in 
eransirion xcrion is co&nsred l o  a conical horn antenna both the s r e m  a d  &lion. Ii?rmatly the iel~titiw 
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p h a ~ e s  of both modes are ~djuqted io be ii.i phase at the w>ich yields !he most ~rypressed side fobcs k also the 
radiating end nf the horn antenna 24. latio which yields equal beam\v.rdths in the E and H 
The phase relozities of ihe TEll  and T&lll n~odes  planes. 
are a function of the diarneter of the tmnsi~ion section As an example, it has been found that side Zobes can 
f 6  and the horn antenna 18. The diameter of the tmn- j be greatly syppressed and equal heamwidths obtained 
sition section 16 is chocen as close as pob5iSle to  cut off along the E .!rid I-I PI.?-nes for a frequency of 9600 mega- 
for the T3fii n o d e  because at near cut off the p h a e  cjcles for the follouing dimensio2s: 
velocity of rbe inode varies .the greate5t a m o u ~ t  with 
changes in diameter. Thus, by minutely chansing the Diameter of araveguide 14 (Dl) -------- 1.25 inches. 
diameter of rhe wansition rgction, the p h a x  \*elocity of ,,, Diameter of the tran\;:ion chainher 10 (D,)- 1.6 inches. 
the Thl l l  mode may be varied over a wid: rdnge. Once Len~:h of trannitlon chamber 11 (LT) ---- 0.25 inch. 
the phaw velocip of the TE,, and Thl l l  modes in the Anglll.!r opening of the hprn 24 (a) ------ 6" 
section 16 and antenna 21 have been fixed. that is, the Dlarneter of the mouth of the horn antenna 
diameter of the fran4ition section and the size of the 24 (D3) ........................... 5.4 inches. 
horn an tems  connected thereto have Lwen chosen, by lj 
merely varqing the length of the transition section 16, Rzcause the Thfll  mode does not have any mearurabte 
the relative phase of each of the modes may be easily amuunt of side lobes in the H pl.>ne, TEll mode side 
adjuzled so t i a t  they radiate at the end of the horn in lobes in this pl.ine are not effectively cancelled. How- 
phase. ever, :he TEll  :node side lober in :he H plane are ucually 
The amount of TEI I  mode energy which \+ill he con- 90 very small and there is, therefore, no need to suppress 
verted into higher crcier l'hfll mode energy is dependent them. 
upon the rc!ative difference in dianteters betueen the Further, althou_rh the invr~t ion has been described 
waveguidr 14  ( D l )  and the transition secticn 16 (D,). ac prcxiucing equal heamwidths in hoth 1% E and H 
The greater the difTerence between these r1.o dinmeters pl:ines, as can be r.zad,ly seen by adju.;ting the relative 
the greater rhe amount of TE,, ~iiode enersy uhich upill .)j pourer of the 'TEl, and TMII inodes, the relqtive beam- 
be comerted into TMll mode energy. As a p~~tct ica l  wldths in each of theze planes can be easily adjusted 
matter, since it is dr~irable  to m ~ L e  the diameter of the :o a predetermined value. 
transition bectlon as close to cut off for the TATll mode As is conventional, the terms "E planc" 2nd "H plane" 
as possible, the ariiount of Thl, ,  njode cnsrgy in the have been used in the specification to designate the planes 
transition section is increased by decie:\ing the diam- 30 parallel to the electric field vector, and at right angles 
eler of the wa~eydide  14. to the eleci~ic ficld vector, respedvely. 
Referring nCw to FIGS. 4 and 5 there are depicted I t  sholtld he urlder5:ond that the foregoin2 discloture 
three din~en>icnal representations of the r,adi ttion pat- relates only to preferred cmbdiments of the invention 
tern. for the r E l l  and Thl i l  modes, respr::ively, which and that it is intendcd :o co\er all ch:lnges and niodifi- 
are emanating from the horn antenna 2 1  Ir, 1-iG. 4 :%j cationz of  the e x a r ~ ; ~ I e ~  in the inbention llcrein chosen 
the main bsdm 28 of raJiation cinnnatiag i? the ? E l l  for the purpozes of :lie d;~:lcq~re xihlch do  not consti- 
mode has iis gre'itest amplitude in the d~reciion iri nhlch tute d~par tures  from the spirit and \ c o ~ e  of the inven- 
the ante;inr? is pc~nting. ?he  first side lobe 32 of the tion. What is claimed and desired to be secured by 
TE,, mode is out of phase ulth the main beam 28 by Letters Patent iq: 
160" and IS lzbeled with a negative cizn to indicate this 41) 1. Apparatus for mdiating a b c ~ m  of electromagnetic 
fact. The second side lobe 34 of the TE:, mot?e is energy having a recultant radiation pattern uhche magni- 
180' out of phase with the first 5ide lobe 32, that is, tudes in 130th the E and H planes are s ~ h ~ t a n ~ i a l l y  equal 
in phase ~ i : h  the nidin beam 28. Further. adj,,cent and havirlg a 1ov.r side lobe level compri\in_g: 
side lobe\ 36, 38, of the 'rEil nwde are 180" out of a source of electromagnet;~ wave enery at a predeter- 
phase with adjacent side lohes as can be seen in FIG 4. 43 mined frequency; 
In FIG. 5, radiation emanating from the Thl l l  iiiode a ci;calar feed na\?eg~tide of dian?eter'Dl and having 
at the oatput cnd of the horn antenna 24 compri\es a an inp~lt  elld at.d an output end; 
pair of main beams 42, 43, ~ h r c h  ,ire in p h ? ~  \%ith the means for coupling said source of e1ectrom:~gneiic wave 
main beam cf r~dia t ion 28 of the TEl l  mode and IF(Oe energy :tt said predetermined frequency in the TEll  
out of pha5z uith the first ~ i d e  lobe 32 of the TEl l  mocie. 50 mode into the input end of said feed uaveguide; 
The f i r ~ t  sidz lobe 46 o f  the Tkf,l  mode is 180" out of a cylipbri~al transl!ion section o fu!eqi iJe  of diam- 
phase vii!t tLls main beams 42, 44. of the Thf,, mode. eter D2 5artng an ~npu t  end and ;in au:ptit end, the 
Funher, side lobes 38 and 12 of the Ihf : ,  m a l e  are input end of %aid trans~iion seciion be~ng zhnjptly 
180" out of ;b:sce with their 'ldjacent side Inks .  co;inected to the o~t!p~rt end af .:rid ired ~ a r c p ~ i d e  
When thct ei~cirom:igneiic \stave energy from the TE,, j5 hy me-tns of dn e l d  y!aie q o  itl.it eqergy in the TEl, 
mode is coribiced with the elec!ro,n3jneiic Nave energy mode wi!l be conkerkd into 7 F.ftl mode encrgy in the 
from the TZP , isinde, that is, the radiation p?:ter;?s of tran.i:ion section zzs the n i i~rowaw ericrgy in ier j  the 
FIGS. 4 r -6  5 arc nddcd, the main beaim 28. 41, and tr,?,i\rtlon scL;:dn from ~ : r d  feed rh:i\egu~de. the di- 
44 atid in ;hrw v.iriie the side lobe 32 of thc TF1, mode an~eter  DL ~f c:I;J fiarr\ tion \eciion iia\ing a cut 
i\ o u r  of r+*e rhiih a portion of the msin t-earrts 42, ofi ii,i\tlrng2h for rnt;d:r ii,_citer rhari Ihe TMll 
44 of 1l3e TLI,, mode Thus, ihe side 10% 33 of :he m ~ d e  a t  \ ~ , d  predc~t i~nrrxd frrqitcni-). ,nd 
TF,, n.c& :rods to c'tnii.1 3 po;lton of rke  n21n i.-*rns a coniial hurn :mtc?~*a h c 3 * $ r ~  sn in;?clt end .,nJ an out- 
17, 44 of "\c 7 3 f I 1  rliadc. S-ich a ~ ~ n , t ' ? ~ : i o ?  of yoker put 2nd t h s  i;iput cod of sqltl ~ n t c n n a  baling 
of a pur t~cn rji riie ~rjain b-  CIS of tile 1 rmde is iiie dr,>rilc fir  ..5 t i-L okifiw~l cr,J cf t c d  fmnsi- 
dc5rrdtle zin-3 i'qe rc~r::frin! m'in b ~ " 3 ~ 1  radl;.t on  prtlern Gj twn leciron and 'winy connec:ed rhcreio so that ifec- 
cont::ins eqml keam\+idth in the E and Ei planes. More- i r o m ~ ~ ~ i i e i : ~  x\;?\c et?cr,7: is trznrferred :o ~ a f d  horn 
o\er, the s9de lobes 31. 36, and 38 trill De 180" out  of ani,nna arrJ rsif:ates into free syace, ~ h z  k n g h  and 
phaqe wiih %heir col~nlrrpdrt htde lobes 16. 4%. and 5% d;arnt:cr of s-id transition section and the lrngrh 
of ihe Thf,; n,o;lk and . l i~I i  tend to car.ccl each orher, rind tile flnre an@ of sl id horn ~n tenna  being s 
thus reducing the strength of  rhe side lobes in the re- 5e:ected th.dr erergy r~diniing into free 5psce in the 
sulring rad;ar;on pattern. While only the nrzjor side l E l l  2nd '2 niwlcs 1\1!i radizte frrtm rhe output 
lobes of each n o d e  hare keen depicted in FIGS. 4 and end of the horn dntrnna wiih their maia beams in 
5, other lo'iss arc present in the r d a t i o n  pattern, but rbase. 
these n ~ o ; ~ s  \.ill 21-0 tcnd to cancel. It should be nofed _-  2. ~ippa ra lus  in accordance with claim 1 uberein the 
rhnt t t e  Z C ~ S L ~  si leng~h of the TEll and i b i l l  modes '" ratio of the d i ~ n i e ~ e r s  &/DL are silected SO that a pre- 
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dcisirnir~ed :trnotint of energy in the TE,, rnode is con- of said Il i i , ,  an3 TEll modes to be radiated into 
verted into TXfll mode energy. free space in phase. 
3. Appantus  for radiating electromagnetic wave energy 5. Appam::is ior mdiating a &am of e!xtrornagneti~ 
having a substantially equai bcamwidth in the E and H wave energy havi; .~ a resultant radiation pattern whose 
planes and having a low \ideloh: level comprising: 5 magnitude in both the E p l a ~ ~ e  arid H plane are similar, 
a circular inptrt wavegincfe having an input end and an comprising: 
outpiit end; a conical horn zntenna having a s~rbstantially circirlar 
means for feeding a source of TEl l  mode electromag- cross section and having an input end and an output 
netic wave energy into the input end of said circular end; 
waveside;  a feed waveguide of circular diameter having an input 
a cyIir.dl;iai transition section of waveguide hsving an and an  output end; 
input end and an output end 2nd the same longitudinal a source o f  electromagnetic wave energy at a prede- 
axis as said input waveguide, but hdving a larger termined frequency for introducing signals in the 
diameter than the input waveguide, the output end TEll  mods into the input end of said feed wavegide; 
of  said input v:aveguide being connected to the in- 15 and c 
put end of said transi:ion section by means of an a c)lindrical trancition section of waveguide having an  
end rlate in a plane normal to said longitudinnl axis, input erld and an ourput end, the output end of said 
urhercby, due to  the abrupt transition hefiveen said feed \aa\c,?uide k i n g  connected to the input end of 
irrput ~ v a v e g ~ ~ i d e  and said transition section, a por- said tr.iniition \ectisn by an aksrupt trznhition, the 
tion of said TEll  mode energy will be ccnvefic:d 20 diameter of sa:d transition section being l a r ~ e  nough 
inlo Thfll  n1oJ1: energy; so  tha t  lhe T\ i i l  n10de can propagate therein at  said 
and a conical horn antenna having an input end and prede!ermizci! frequency. and the output eud of said 
an  output end, said antenna input end having t!le transition cl~arnber being connected to the input end 
same diameter as tbe transition section and being of said ho:,l antenna. 
connected to the output end thereof, the lenzrh and 25 6. In  comhinstion: 
diameter of 531d tran~ition section and the length a circular uaveguide having an input end and an output 
and the flare angle of xiid 1101 n a~.ietlna being chosen end; 
so  that energy in the TEll ;.nd T!vill mode3 are sub- nle3ns for feeding electromagnetic wave energy in the 
siantiaily in phare at the o . I ~ ~ u :  end of said nntenna. TEl l  mode into said input end of said circular wave- 
4. A microwave anlenna s!st:m ,aial?r;sing it1 combi- 30 guide; 
nation: means conriected to the ouG3ut end of said waveguide 
a circular waveguide having an input end and an o ~ t -  for con%ening a pullion of s.tid TEl l  mode energy 
put end; in 3did circi~lar \raveguide io Thfll mode energy, s a d  
me3ns for  feeding a soarce of el~ctron~:tgrietic wave meTns con~priking a tr,in\i~inil section of waveguide 
energy in the TEI1 mocie into the input end of snid 35 having a &:meter larger ;kin said circular wave- 
circular wavez~:ide; guide; and 
a ~>linJric;t l  tr.*!:rition section of nsaveguiife for con- a conical horn anienna conjtected to   he output end 
>erring a portion of said 'TE,, ntode in!o energy in of said t r ~ ~ s i t i o n  section, the Iengih and the diam- 
the T?.1,, moc!e. caid section having a di;inleter larger e t a  of said trdnbit~on 5ection and the length and flare 
thzn s z - j  i.nput \-,avr.g~lide 2nd lla\ing an input end 40 angle of said c o n i ~ ~ i l  born antenna bsing chosen s o  
and an output end, the input end of said transition that the main besm emanating into free space from 
section being connecled to the oufput end of said said horn knienna of both said TEll and ThIll inodes 
waleg~iide so a5 :o form an abi~ipt  ransition for elcc- arc in pha<e. 
tro.ns_r.ietic \ \a\t :  energ) travzl!ing in said waveguide; 
a co~:'di horn antenna h:rving an input end of equal 45 
rli:r-eier as said trrlnrition section nnti connected 
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thereto and having an 0~1tp11i end ha\,ing a diameter 2,283,935 5/1942 ~ ( i ~ ~  ---,-------- 343-784 x 
greater than said i~lptlt e , ~ d  wherein electron~dgnciic 2,774,067 12/1956 ~ ~ l l i ~ ~ ~ ~  --------- 333-783 x 
v,a-.e energy is radiated into free space a1 said outp~l t  2 861,432 411959 ~ : ~ ~ j , ~ ~  ---------- 343-783 x 
end of said antenna; 2,918,673 12/1959 Lewis et al. -------- 343-786 
the length and the di:~rt~eter of said tran~iiion section 3,2(;5,498 9,11965 ~ i ~ ~ l d  ------------ 333-21 x 
snd the Irnzth a rd  the flare angle of said horn 
antenna having par,inleler>  hat allow the main beams U I  LIEBERlifr\N, Prirtra~! E.xatnit~rr. 
